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A new formulation is described which combines the most robust attributes of the volume finite element and surface 
integral equation approaches to electromagnetic boundary va lue solu tions. The result is a numerical technique which may 
be applied to scattering problems involving configurations having metallic surfaces and inhomogeneous penetrable materia l 
situated in open spatial regions. This is accomplished by way of coupling internal region finite e lement modal field so lutions 
to equ ivalent currents on th e surrounding boundary surface through an appropriate surface integral equation. The method 
is demonstrated for th e special case of scattering by axisymmetric inhomogeneous penetrable objects. Example numerical 
calcu lations are presented for va lidation of th e procedure and potential problem areas are discussed. 
1. Introduction 
The development of ' hybrid ' techniques for 
analysis and computation is often motivated by 
the limitations of standard available methods. 
Such is the case here, where a new formulation is 
described which combines the finite element 
method (FEM) and the surface integral equation 
embodied in the extended boundary condition 
method (EBCM). This merging of the FEM and 
EBCM techniques results in a method that retains 
the most efficient characteristics of each for the 
computation of electromagnetic scattering. 
The finite element method has recently been 
used in conjunction with the unimoment technique 
to obtain scattering solutions for inhomogeneous 
* This paper was presented at the Workshop/ Symposium 
on Research Techniques in Wave Propagation and Scattering, 
organized by V.K. Va rada n and V.V. Varadan, October 18-2 1. 
1982. The Ohio State University. Columbus. Ohio. 
axisymmetric penetrable bodies, [1 , 2]' This 
approach uses the FEM to obtain expressions for 
the fields within a spherical mesh region which 
encloses the inhomogeneous body. The incident 
and scattered fields outside the enclosing sphere 
are expanded in spherical harmonics and the 
boundary conditions at the surface of the sphere 
are used to couple the interior and exterior field 
expansions and thus obtain a solution. 
The combined method is similar to the unimo· 
ment approach except that the finite element mesh 
region needs only to be used inside a boundary 
conforming to the surface of the object, rather 
than inside a circumscribed separable boundary, 
i.e., the mesh is only required in the in-
homogeneous region. This minimization of the 
extent of the mesh region can result in a consider-
able savings in computation vis-a.-vis a unimoment 
solution using a spherical mesh for the cases of 
elongated or flattened scatterers. 
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The finite element solution in the closed 
inhomogeneous region is coupled to the 
unbounded outside volume by way of the surface 
integral equation used in the EBCM associated 
with penetrable scatterers. The extended boun-
dary condition method was originally developed 
for calculating the electromagnetic scattering by 
perfectly conducting objects of arbitrary shape 
[3.4). The method has since been applied to 
homogeneous [5.6] and layered (7 . 8] dielectric 
scatterers, to a wide variety of elastic wave and 
acoustic scattering problems [9]. and most recently 
to electromagnetic problems involving buried 
inhomogeneities (10). The extension of the EBCM 
to inhomogenous material scatterers uses the 
interior FEM generated solutions to replace the 
interior region spherical harmonic expansion 
incorporated in the homogenous penetrable scat-
tering body case. 
The combined method can thus be viewed as 
either a modification to the FEM-Unimoment 
approach or as an extension of the EBCM concept. 
The presentation in this paper tends to follow the 
latter outlook (viewing the method as an extension 
of EBCM) on ly because this appears to result in 
a more concise description than that of the former 
idea. In Section 2 the combined method is 
described via the standard equations of EBCM . 
Then. in Section 3. the basis functions incorpor-
ated in the interior region and their generation by 
way of the FEM are discussed both from the 
aspects of philosophy and practical computation. 
Example scattering calculations are presented in 
Section 4 for the cases of spheres and spheroids 
with these results being compared to Mie series 
and direct EBCM computations. Finally. in Sec-
tion 5 conclusions and suggestions for future 
efforts are discussed . 
2. Boundary integral formulation 
The theory of the extended boundary condition 
method is well known and only the equations 
which are required for the extension of the tech-
nique to the inhomogeneous problem will be given 
here. The interested reader should consult the 
literature [3 . 4. 5]. for further details. A new 
approach [II ] which employs the concept of 
conserved flux is particularly suggested as an 
alternative to the original formulation which 
employed the concepts of analytical continuation 
and null-fields. 
Fig. I shows a scatterer illuminated by a plane 
wave. The incident field E; and the scattered field 
E, can be expanded in the spherica l vector har· 
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Fig. I . Inhomogeneous scatlering body_ 
The a. and b. coefficients are known. while f. and 
q., are initially unknown. D.., is a normalization 
constant, " is a combined index incorporating tht 
three spherical harmonic indices. and ko is the free 
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space wave number. The spherical vector har-
monies of the first kind are used in (1) to assure 
that E; is finite at the origin, while those of the 
fourth kind are used in (2) to denote an outgoing 
scattered wave . An ejW ! time variation is assumed. 
Using the expansions of (1) and (2), the EBCM 
procedure gives the following four basic boundary 
integral equations: 
= - pra .,. (3a) 
= j'Tfb." (3b) 
and 
- jM : ' (ii X1)oH+)]d(k 65 ), (4a) 
-I - 2 
- jN" . (ii x 1)oH +)] d(k 05 ), (4b) 
where the integrations are over any closed surface 
So (not necessarily So of Fig. 1) and (it x E +) and 
(ii x ii +) are equivalent surface currents on S o. The 
above four equations are always true without 
regard to the shape of So as long as 5 0 encloses 
the scatterer. 
An important feature of (3) and (4) which needs 
to be emphasized is that the scatterer's characteris-
tics were not used in the derivation. In fact , (3) 
and (4) merely relate the equivalent surface cur-
rents on 50 to the coefficients of the incident and 
scattered field expansions by surface integral rela-
tions. This independence of the basic equations 
from the scatterer's characteristics distinguishes 
this from other surface integral formulations, 
which have the scatterer's characteristics embed-
ded in the equations [13 , 14]. 
While the scatterer-dependent surface integral 
equations will become very complicated or may 
not even exist if the scatterer is a general 
inhomogeneous object, the formulation presented 
thus far remains unchanged. The independence of 
these basic boundary integral equations from the 
geometry and composition of the scatterer indeed 
makes this procedure very suitable for being 
extended to inhomogeneous objects. 
The usual EBCM approach to solving (3 ) and 
(4) for homogeneous or layered objects involves 
expanding the surface currents on the body surface 
S8 in terms of proper interior region spherical 
vector harmonics and then applying the surface 
integration on 58. Such a technique is not appli-
cable for a general inhomogeneous scatterer 
because analytical expressions for the required 
surface current expansions are not available. A 
more general solution procedure would be to 
initially assume 
where (ii x E~, ii x H. ) are coupled pairs of basis 
functions which are left to be selected later, being 
subject to certain requirements, such as solving 
Maxwell's equations in the inhomogeneous region 
as well as satisfying boundary conditions at S8. 
The summation in (5) is a single series of 2N terms. 
For later mathematical convenience, it is separ-
ated into two N- term sections. The superscripts c 
and d relate the basis functions to the coefficients. 
Substituting (5) into (3) and (4) yields two 2N x 
2N linear systems whose functional forms are 
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where 
- jM ~ (fi X T/ofi ~) ] d(k 65 ), 
J :,. = T, [N ~ (ll x E~ ) 
k3so 
- jM; (II X T/ oii ~ )] d(k 65 ), 
K ~. = i [M ~( ll x E~) 
Tk3su 
- jN ~ (fi X T/ oii : )] d(k ~) , 
L ~. = T, [M~(ll x E ~) 
k ~~u 
- jN ~ (II X T/ ofi ~)] d(k65 ), 
with I = 4 in (6) and I = I in (7), 
Since the a and b coeffi cients are known , the 
Cj.I.. and dl'- coefficients, and thus the equivalent 
surface currents, can be fo und by solving (6), The 
c. and d. coeffi cients a re then used in (7) to 
compute f and g, the scattered fi eld coeffi cients, 
Equatio ns (6) and (7) can be combined to give 
(8) 
where 
J ~. ] 1 
L ". 
(9) 
The ' transition matrix ' or T- matrix in (9) is a 
characteristic matrix that transform the incident 
fi eld coefficients into the scattered fie ld 
coefficients . 
T he procedure just described wi ll yie ld a no n-
unique solution unless the scattere r's characteris-
tics are incorporated in the selection of the basis 
fun ctions of (5) and subsequently embodied in the 
T- matrix . Therefore, it is necessa ry to fi nd 
appropriate basis fun ctions fo r each particular 
class of problems, 
For example, fo r a pe rfect conducto r, the basis 
fun ctions can be generated thro ugh spherical har-
monics. 
fi X E~ = 0, 
;i x H ~ = il x M~ (k on . (lOa) 
_ -d 
/I x E. = 0, 
it x H~ ::: '1 x N ,~ (kof) , (lOb) 
where ko = 2-rr/ Ao. Also, the T- matrix is eva luated 
o n the body surface , i.e ., So = 58 in (6) and (7). 
T he fact that Ii X E. = 0 on the body surface 
identifies the scatterer as a perfect conductor, 
while the evaluatio n of the T- matrix directl y on 
the body surface guarantees that the T- matrix 
contains inform ation about the scatterer's shape. 
Co nsequently, the solut ion so obtai ned is that fo r 
a pe rfect conductor with the given shape. 
The application to a homogeneo us die lectric 
object is similar in that the T- matrix is a lso evalu-
ated o n the body surface. However, in this case, 
the basis functions are 
II X E: = II X M ~ (k il, 
II x ii ~ =" x [ ~o (:J 1/2 N ~ (k il l ( I I a) 
fi x E~ =" x N ~ (kf l. 
Ii x H ~ = II x [ ~J::rM ~ (kill (I I b) 
Notice he re that the a rgument is kr = J ',IL .I<or. 
T herefore, the constituti ve parameters of the scat-
terer, £, and JL" are incl uded in the basis functions 
and the refo re in the T- matrix . As in the case of 
the perfect cond uctor, the shape info rmation is 
incl uded by evaluating the surface integrals on 58. 
Note th at for the case of sphe rica l harmonic basis 
fu nctions, the basis function index I-L symbolizes 
the three spherical harmonic indices. 
3. Finite element basis function generation 
The applicat ion of the boundary integral 
me thod to a genera l inhomogeneous object 
requires the productio n of a set of basis fun ctions 
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which contain adequate characteristic information 
about the scatterer. These basis functions will be 
called the 'informed bases' . In fact, for a general 
inhomogeneous object , the informed bases cannot 
be found without ' internally' solving the field 
equations. Since the internally obtained informed 
bases will also contain information about the scat-
terer's shape, it is no longer necessary to evaluate 
the T- matrix exactly on the body surface as in the 
two cases of the previous section. This is especially 
advantageous when the body shape has sharp 
angles which may give problems in the numerical 
evaluation of the surface integrals in the T- matrix. 
Before showing how the informed bases can be 
generated (using the finite element method), it 
may be interesting to compare the boundary 
integral method with the method of moments sol-
ution [13,14]. The two methods follow somewhat 
different concepts in their origination, but possess 
similar mathematics in many respects. To those 
who are familiar with the method of moments, (3 ) 
and (4) may be regarded as one type of inner 
product relation using spherical vector wave func-
tions as the testing functions. However, unlike the 
testing functions in the method of moments, the 
testing functions in the boundary integral method 
are vector functions and are used in pairs, i.e., 
when the testing function for Ii x E + is Nt, that 
for it x if + is N and vice versa. Because of this 
particular choice of testing functions, the basis 
functions in the boundary integral method are also 
required to be vectors and in pairs (see (S)), for 
compatibility. Thus (S), which is the trial solution 
in the boundary integral method, consists of four 
sets of scalar bases (one set for each component 
of the two surface currents) shari ng the same set 
of coefficients as opposed to four sets of 
coefficients sharing the same single set of scalar 
bases in the trial solution of the method of 
moments. As will be seen shortly, the trial solution 
resulting from the finite element method is of the 
form of (S). 
The generation of the informed basis functions 
will be performed by way of the finite element 
implementation of the coupled azimuthal poten-
tial (CAP) formulation [IS]. The CAP formulation 
is a solution of Maxwell's equations originally 
implemented in conjunction with the unimoment 
method to solve scattering problems for axisym-
metric inhomogeneous objects, [1]. The geometry 
employed in describing the CAP formulation is 
illustrated in Fig. 2 which shows the meridian 
z 
::. : .: . . . 
... ... 
[r (R, Z) :. 
IJr (R, Z)-: 
::;:.:-:: . 
' .. ' 
s, 
R 
Fig. 2. Axisymmetric body meridian cross section. 
cross-sectional plane of an inhomogeneous scat-
tering body. A wave-number normalized system 
of circular cyli ndrical coordinates (R, Z , "' ) = 
(kop, k oz, "') is being used to conform to the CAP 
notation. The scatterer as well as the closed sur-
face , Sc , are rotationally symmetric about the 
z-axis. Because of this symmetry, the fields 
everywhere are separable into azimuthal modes 
and can be expressed in terms of an exponential 
Fourier series. 
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'1oH (R.Z.<I» = L I' ... (R.Z)exp(j m<l» . 
m __ CO 
(l2b) 
where '10 = 1207Tfl. 
As has been shown in the CAP form ulation 
[I. IS). the modal fields can be represented in 
terms of two uniformly continuous coupled 
azimuthal potentials which are. themselves. pro-
portional to the azimuthal components of the elec-
tric and magnetic fields. 
Ii ... (R. Z) = jf ... (111 '\11/1, + R/1-.D. x '\11/1 ,) 
+ D. I/I, I R. 
I,,,, (R. Z ) = jf", (111 '\11/1, - RE.D. x '\11/1,) 
+ 0.1/1,1 R. 
(l 3a) 
(13b) 
where '\I is the 2-D gradient operator in (R. Z). 
with 
f", (R.Z )=[/1-. (R. Z)E. (R.Z)R'- m' ) , 
(14) 
and 
I/I, (R. Z. m) = RD • . e ... (R. Z). 
I/I,(R. z. III ) = RD • . /' ... (R. Z ). 
The coupled azimuthal potentials satisfy a sys-
tem of second-order coupled partial differential 
equations (POE) 
(f rn (RE. '\11/1, + mO. x '\11/1 ,») + E"p ,I R = O. 
( 15a) 
(f", (R/1-. '\11/1 , - mO. x '\11/1,») + /1-"p ,1 R = O. 
(15b) 
This POE system may be solved inside of a closed 
region. such as that represented by So . for 
specified Dirichlet boundary conditions by use of 
either finite element or finite difference methods. 
The details of the finite element solution. which 
has been used in conjunction with the unimoment 
method for scattering calculations, are given in 
[1]. Many of the same computer algorithms 
employed in this previous effort were adopted for 
the work being described here . The major change 
in the finite element calculatio n has been in the 
development of a new mesh structure whose outer 
boundary provides a conformal enclosure for the 
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Fig. 3. Conformal finite element mesh structure. 
The generation of the informed bases. to be 
used in (5). begins by expanding 1/1, and 1/1, o n So 
in te rms of individual asymptotically complete 
basis function expansions 
N 
I/I,(/. m)isu= L c ..... b: .... (/). (160) 
.-, 
N 
1/1,(/. m )lso = L d ..... b~ •.• (/ ). (16b) 
.-, 
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where ( is the surface path length on So starting 
from the positive z- axis, c and d are unknown 
coefficients, and the superscripts c and d represent 
an association with the corresponding coefficients. 
This same notation was employed in (5). The b(l ) 
basis functions are not the informed bases and 
need not result from a priori information concern-
ing the scatterer composition. We shall hereafter 
refer to the b(l )'s as the ' initial bases'. These initial 
bases can be either subdomain or entire-domain 
functions [16] with the basis sets being complete 
in the Hilbert space of continuous functions, Co, 
asN-+ oo. 
It is the task of the finite element solution to 
provide the transformation of the initial basis sets, 
b(l ), for the potentials over So to informed basis 
sets for the equivalent current tangential field vec-
tors ,1 x em and n x hm over the surface So, as is 
depicted in Fig. 2. The surface So, which encloses 
the body surface 58 is, in turn , enclosed by So. In 
practice, the finite element mesh is arranged so 
that So is equal to the body surface so as to minim-
ize the mesh extent. The finite e lement solutions 
are performed for two sets of initial surface 
bases on So: (1/1" 1/1,) Iso = {(b ~" ." (/), O)}~_ l and 
(1/1" I/I,)lso = {(O, b~, . "(1)}~~ l' For each of these 
two sets of boundary conditions there will be gen-
erated interior region solutions for 1/1, and 1/1 , . 
From these potential solutions the internal fields 
can be constructed numerically through use of the 
generating equations in (13). In particular, the 
informed basis function equivalent currents on So 
resulting from the application of each of the initial 
bases for 1/1, and 1/1 , on So can be constructed. 
Denoting these informed basis function equivalent 
currents as (fi xe~I.~ . ,1 x ii~.~) and (n x e~,.~, ,1 x 
h~." ) respectively, the informed basis expansions 
in (5) follow from superposition and (16), 
[ 
- - + ] N [- - , ] If Xe m _ " II Xe ",. ~ 
- + - L. em ~ -c Ii x h", ~ _ I . ii xh"",.. 
N [ - _,I ] Il Xem,~ 
+ L dm.~ _ -tf . ~ _ I If x hm.~ (17) 
The informed bases in (17) are obtained by solving 
the field equations everywhere inside the 
inhomogeneous body and thus incorporate the 
characteristics of the scatterer. These bases are 
then used to evaluate the elements of the T- matrix 
via integrations over So, as shown in eq. (7). A 
minor change has occurred in the indexing nota-
tion in comparing (5) to (17). In (5) the body could 
have been a non-axisymmetric 3-dimensional 
structure in which case the index p. would have 
embodied both azimuthal index, m, as well as a 
meridian surface index. In (17), on the other hand, 
the orthogonality of azimuthal modes for the 
axisymmetric case allows explicit decoupling of m 
from J.L . which now represents only a meridian 
surface index as described for (16). 
4. Numerical computations 
The development and testing of the computer 
program which incorporates the finite element-
boundary integral formulation proceeded in 
definitive stages . A first step was the construction 
of a finite element program for generation of the 
'informed basis functions ' on the surface of the 
body. The mesh design is illustrated in Fig. 3 where 
the outer geometric surface, So, conforms to the 
contour of the scatterer being considered. Gener-
ation of this mesh proceeds in azimuthal steps, 
incrementing in (J from the positive z- axis, In 
parallel with this sequential construction of the 
mesh is .the computation of the block matrices of 
the system finite element matrix and the block-by-
block inversion of this matrix via the Riccati trans-
form technique as described in [1]. 
To validate the accuracy of the finite element 
portion of the code, a z- axis offset sphere lossy 
dielectric body surface was used so as to produce 
a somewhat general conformal mesh structure. 
Initial bases for this test were chosen to be total 
field spherical harmonic modes composed of both 
incident modes and corresponding scattered field 
modes which combined to solve the boundary 
conditions (BC) at the spherical interface. The 
finite element computations resulting from each 
initial basis total field mode applied as a Be on 
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S G could then be compared to the same mode 
evaluated on 58. Excellent accuracy was observed 
in these initial texts with the exception of relatively 
large errors in u<I' x em and ulP x lim at isolated 
points on 58. Furthe r inves tigatio n revealed that 
the generation of these field components through 
(15) provides large amplification of errors in the 
numerical evaluation of the indicated gradients 
near points where the multiplicative i",- fun ction 
becomes very large. As can be seen, for the case 
of loss less media with real p.,E" there exists spatial 
contours defined by R = m/J p.,E, where i", is 
infinitely singular. Since the fields are not sin gular 
at these points, the gradie nt terms in parentheses 
in (15) must combine to be zero at these same 
spatial points. Thus, even sma ll errors in VI/I, and 
VI/I2 which result in incomplete cancellation of 
terms near the singular points of i", will be 
amplified to produce much e nhanced errors in 
UII> x em and uq> x hm. To circumvent this singu-
larity induced problem, a restricted averaging 
scheme was incorporated, whereby the nodal 
values of it'l' x em and «<II x lim are obtained by 
evaluating these at the node in question in each 
of the e lements surrounding the node a nd the n 
averaging these calculations using only the e le -
ments where f m is not singular. At most nodes six 
values are averaged while at some nodes either 
the free-space e le me nt values will be discarded (if 
im is singular therei n) o r those evaluated in e le-
ments just inside Sn for a loss less body may be 
ignored at surface nodes near singular points. T his 
technique, a lthough quite simple, does indeed pro-
vide an accurate conversion of initial bases into 
the desired informed bases. 
A second test e mployed prior to assemblin g the 
complete program was to evaluate the accuracy 
of the boundary-integral computation a nd T-
matrix evaluation. This was performed by sub-
stituting interior region spherical harmonics for 
the informed bases. Such a procedure produces 
a n exte nded boundary conditio n program which 
is valid o nly for homoge neous scatterers. Results 
of scattering computations for spheres and 
spheroids were excellent thus verifying the oper -
ation of this portion of the code. 
The complete Finite E le ment-Boundary 
Integral (FEBI ) code was assembled using the 
previously tested sub-programs. Several scattering 
calculations we re performed to verify the accuracy 
of the FEBI formulation. Some re presentati ve 
results of these computations are shown in Figs. 
4 through 9 for various cases of sphe res and pro· 
late spheroids for which readily obtainable com· 
parison calculations were available via Mie series 
and EBCM codes, respectively. Computatio ns for 
inhomogeneous scatterers having bioelectromag· 
netic interest and further verifications will follow 
in a future publication. 
The quantity being displayed in Figs. 4 th rough 
9 is the magni tude of the 'complex scattering 
a mplitude ' , IF (e, <p )1, which is defined in terms of 
the far- zone scattered electric field and the 
intensity of the incide nt plane wave electric field. 
_ _ _ e jlc u' 
E,(r, e, <p ) = IEdF (e, <p) -k - ' 
or 
(18) 
The parameters associated with the various cases 
shown are summarized in Table I where '" P.S.'· 
indicates prolated spheroid, "a" is the z-axis 
dimension, "e," is complex dielectric constant, 
" a " is the incidence angle re lative to the posith'e 
z-axis a nd " DENS" is the mesh density defined 
in terms of the number of e lements spaced 
along the z- axis per unit inferior wavelength 
Ao/ Re(J;.). 
Some comments regarding these results are 
necessary. The closest comparison appears in Cas< 
1 (Fig. 4) with RMS variation of less then 5%. 
This case was computed on a C DC 7600 machine 
having a 60 bit single precision word le ngth and 
very large core RAM which permitted using 
relatively high ' DENS' of 22. This case, which ' 
compared against a highly accurate Mie series, 
demo nstrates the achievable accuracy of the FEBI 
method under somewhat idealized computational 
conditions. All other cases displayed had the FEBI 
computatio ns performed o n a UN IVAC machi", 
havi ng 48 bit single precision word le ngth and 
smaller RAM capacity tha n the C DC computer, 
thus restricting the D ENS value that could be 
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Fig. 4. Case I: Sphere scattering amplitude comparison . 
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Table I 
FEBI scattering computations 
Case Fig. Body 2a/Ao 
" 
0 DENS Compariso n 
4 Sphere I. I 14 4.U 0° 22 MIE 
2 5 Sphere 1.0 4 - j 2 00 17.5 EBCM 
3 6 P.S. al b ~ 2 1.0 4 - j2 0° 17 .5 EBCM 
4 7 P.S. al b ~ 2 2.0 4 - j2 00 8.75 EBCM 
, R P.S . al b ~ 4 0.8 4 - j l 00 22 EBCM 
6 9 P.S. al b ~ 2 0.5 4 - jI 90° 36 EBCM 
H-PLANE 
2a : 0 . 8 , 
° 
0°17 
alb : l; ~ C " -J 1 r 
)- HI 
EI 




Fig. 8. Case 5: Prolate spheroid sca ttering amplitude comparison. 
(e.g. Cases 2 through 4). The EBCM computations 
were performed on a PDP-II mini-computer hav-
ing a 32 bit word length. Another restriction which 
limited the number and quality of the computa-
tions that were performed was a rather austere 
budget at the end of the fiscal year to fund com-
puter time. Even with these computationallimita-
tions, the results are relatively good with RMS 
variations between FEBI and EBCM computa-
tions ranging in the 10 to 15% region. Cases 2 
and 3 for a respective sphere and spheroid (alb = 
2) have similar RMS variations and also have 
identical DENS factors. Case 4, which is a 2-
wavelength long prolate spheroid, has the highest 
RMS variation of all cases. This resulted from the 
course mesh (DENS = 8.75) that was necessary 
due to RAM limitat ions on the UNIVAC com-
puter. Case 5, which is a highly elongated (al b = 4) 
prolate spheroid provided a good comparison 
using the same DENS factor as Case 1. Case 5 
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Fig. 9. Case 6: Prolate spheroid scatteri ng ampli tude comparison. 
did not, however, attain the same level of agree-
ment as Case 1 due possibly to higher roundoff 
errors in a shorter wordlength machine as well as 
possible errors in the EBCM calculation for such 
eccentric spheroids. In all cases but Case 6 only 
axial incident (a = 0°) was considered in order to 
conserve financial resources (only the m = I 
azimuthal mode is required). In Case 6 broadside 
incidence (a = 90°) was considered using modes 
m = 0, I and 2 since k ob = 1· 57 in this case. The 
comparison is relatively good as shown. It should 
be noted that the left- and right-hand plots for E-
and H-plane data do not align at e = 0° in this 
case because they are computed for two separate 
incident polarizations. 
S. Condusions 
A new procedure has been described for com-
bining the finite-element method and the boun-
dary integral equation contained in the extended 
boundary condition method thus expanding the 
realm of T- matrix scattering calculations to 
include inhomogeneous objects . The implementa-
tion of this technique requires the use of a compu· 
tational method for solving Dirichlet boundary 
value problems in the region containing the scat-
terer. These computations are used to generate a 
set of informed bases for the expansion of surface 
equivalent currents. The exterior and interior 
region fields are coupled by use of the informed 
bases to compute the surface integrals which are 
used in the calculation of the T- matrix. 
To illustrate the proposed method scattering by 
axisymmetric penetrable objects was considered. 
The interior computation for construction of the 
informed bases were conducted through use of 
finite element solutions based on the CAP formu-
lation. Excellent results were obtained in test 
calculations of scattering by homogeneous spheres 
and prolate spheroids. Future computations are 
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planned for complex inhomogeneous objects of 
interest in bioelectromagnetic applications. 
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